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LUBRICATION SYSTEM FOR RADIALLY EXPANDING TUBULAR MEMBERS 
Gross Reference To Related Applications 

[6011 The present application is the National Stage patent application for PCT patent 
application serial number PCT/US2004/0021 22, attorney docket nymbe^ 25791.225,02, filed on 
1/26/2004, which claimed the benefit of the filing date of (1> U.S, proyisional patent application 
serial nq ; 60/442,938, attorney docket no. 25791.225, filed on January 27, 2003. 
J002J This invention relates generally to oil and gas exploration, and in particular to forming 
and repairing wellbore casings to facilitate oil and gas exploration. 

Background of the Invention 
[003] During oil exploration, a wellbore typically traverses a number of zones within a 
subterranean formation. Wellbore casings are then formed in the wellbore by radially expanding 
and plastically deforming; tubular members that are coupled to one another by threaded 
connections. Existing methods for radially expanding and plastically deforming tubular 
members coupled to one another by threaded Connections are not always reliable or produce 
satisfactory results. In particular, the threaded connections can be damaged during the radial 
expansion process. 

[004] During expansion, an expansion cone is moved axially through the tubular members. 
The: cone has an outside diameter greater than the inside diameter of the tubular members; 
Thus, a tremendous amount of friction exists between the cone and the tubular members which 
results in heat, stress and wear. 

[0051 The expansion cone, or mandrel, is used to permanently mechanically deform the:pipe: 
The cone is moved through the tubing by a differential hydraulic pressure across the cone itself, 
and/or by a direct mechanical pull or push force. The differential pressure is pumped through 
a" 'nne^Wng; connected to the cone, and the mechanical force is applied by either raising or 
lowering the inner string, 

[0O6J Progress of the cone through the tubing deforms the steel beyond its elastic limit into the 
plastic region, while keeping stresses below ultimate yield, 

[0071 Contact between cylindrical mandrel and pipe ID during expansion leads to significant 
forces due to friction, ft would be beneficial 4o provide a mandrel which could reduce friction: 
during the expansion process. 

[008] The present invention is directed to overcoming one or more of the limitations of the 
existing processes for radially expanding and plastically deforming tubular members coupled to- 
one another by threaded connections. 



Summary Of The Invention 

P9] Acwrdlngto a fist aspect of the present invention, there is provided an expansion cone 
for radially expanding; multiple-tubular mem a body having an annular outer 

peripheral surface; and at least a portion of the surface being textured; with friction reducing 
reliefs recessed into the surface, wherein the surface comprises a laserdimpled surface. 
[0010]Preferably, the multiple tubular members comprise multiple pipeline members. 
[0011]Preferably, the friction reducing reliefs are concentrated at a leading edge and a trailing 
edge of the outer peripheral surface. 

[0012]According to a second aspect of the present invention, there is provided a method for 
radially expanding a tubular member comprising: providing a tubular member having an inside 
diameter; providing an expansion cone having an annular outer peripheral surface comprisinga 
d iameter greater than the inside diameter of the tubular member, texturing the outer peripheral 
surface with friction reducing reliefs recessed into the surface; and moving the expansion cone 
axialiy through the tubular member for radially expanding and plastically deforming; the tubular 
member, wherein the surface comprises a laser dimpled surface. 
[001 3] Preferably, the tubular member comprises a pipeline member. 

[0014] Preferably, the friction reducing reliefs are concentrated at a leading edge and a trailing 
edge of the outer peripheral surface. 

[0015] According to a third aspect of the present invention, there is provided a reduced friction 
radial expansion apparatus comprising: a plurality- of tubular members having an axial passage 
formed therethrough comprising an inside diameter; an expansion Cone having an annular outer 
penpnerai surface Comprising an outside diameter greater than the inside diameter of the axial 
passages and at least a portion of the outer peripheral surface being textured with friction 
reducing reliefs recessed into the surface, wherein the surface comprises a laser dimpled 
: surface. 

[00l6]freferably. a low friction material is deposited in the reliefs. 

[0017] Preferably, a low friction material is deposited in the; reliefs, the outer peripheral surface 
comprises a flush surface comprising a combination of portions of material of the expansion 
cone and portions of a low friction material deposited in the reliefs. 

[O0l8]Preferably, the plurality of tubular members comprises a plurality of pipeline members. 
[00i9]Preferably,;the friction redud 
edge of the outer peripheral surface. 



Brief Description of the Drawings 
[0021]Fig. 1a is a fragmentary cross-sectional view illustrating an exemplary embodiment of an 
apparatus for radially expanding and plastically deforming a tubular member 

[0022] Fig 1b is a fragmentary cross-sectional illustration of an exemplary embodiment of the 
operation of the apparatus of Fig. 1 a.. 

[0023] Fig. 2 is a fragmentary cross-sectional illustration of an exemplary embodiment of the 
apparatus of Figs. 1a and 1b including a lubricant supply. 

£0024] Fig. 3 : is a fragmentary cross-sectional illustration of an exemplary embodiment of the 
apparatus of Figs. 1a and 1b including a lubricant supply. 

[0025] Fig. 4 is a fragmentary aoss-sectional illustration of an exemplary embodiment of the 
apparatus of Figs. 1a and 1b including a lubricant coating. 

iP02QF|g. 5 is a fragmentary cross-sec«ohal illustratioh of an exemplary embodiment of the 
apparatus of Figs. 1a and 1b including a lubricant coating. 



[0027] Fig. 6 is a fragmentary cross-sectional illustration of an exemplary embodiment of an 
exemplary portion of the external surface of the expansion device ^^^o^ of Figs. 1a 

and lb including one or more recesses defined in the external surface. 

[0028] Fig. 7 is a fragmentary cross-sectional illustration of an exemplary embodiment of the 
apparatus of Fig, 6. 

[0029] Fig. 8 is a fragmentary cross-sectional illustration of an exemplary embodiment of an 
exemplary portion of the external surface of the expansion device of the apparatus of Figs. 1a 
and 1b including one or more recesses defined in the external surface, 
[0030] Fig. 9 is a fragmentary cross-sectional illustration of an exemplary embodiment of the 
apparatus of Fig. 8. 

[0031] Fig. 10 is a fragmentary cross-sectional illustration of an exemplary embodiment of an 
exemplary portion of the external surface of the expansion device of the apparatus of Figs. 1a ; 
and lb including one or more recesses defined in the external surface. 

[0032] Fig. 11 is. a fragmentary cross-sectional illustration of an exemplary embodiment of the 
apparatus of fig. 10: : 

[0033] Fig. 12 is a fragmentary cross-sectional illustration of an exemplary embodiment of an 
exemplary portion of the external surface of the expansion device of the apparatus of Figs, la; 
and 1b including one or more recesses defined in the external surface. 

10034] Fig; 13 is a fragmentary cross-sectional illustration of an exemplary embodiment of the 
apparatus of Fig. 12. 

[0035] Fig. 14 isr a fragmentary cross-sectional illustration of an exemplary embodiment of an 
exemplary portion of the external surface of the expansion device of the apparatus of Figs. 1a 
■and lb including one or more recesses defined in the external surface; 
[0036] Fig. 15 is a fragmentary cross-sectional illustration of an exemplary embodiment pf the 
apparatus of Fig. 14. 

[0037] Fig. 16 is a fragmentary cross-sectional illustration of an exemplary embodiment of an 
exemplary portion of the external surface of the expansion device of the apparatus of Figs. 1a 
and Ibiincluding one or more recesses defined in the external surface. 

[0038] Fig. 17 is a fragmentary cross-sectional illustration of an exemplary embodiment of the 
apparatus of Fjg; 16. 

[0039] Fig. 18 is a fragmentary cross-sectional illustration of an exemplary embodiment of an 
exemplary portion of the external surface of the expansion device of the apparatus of Figs, la 
and 1b including one or more recesses defined in the external surface. 



[0040] Fig. 19 is a fragmentary cross-sectional illustration of an exemplary embodiment of the 
apparatus of Fig,; 18. 

[0041] Fig. 20 is a fragmentary cross-sectional illustration of an exemplary embodiment of an 
exemplary portion of the external surface of the expansion device of the apparatus of Figs, fa 
and 1b including one or more recesses defined in the external surface. 

[0042]Fig. 21is a fragmentary cross-sectional illustration of an exemplary embodiment of the 
apparatus of Fig. 20. 

[0043] Fig. 22 is a fragmentary cross-sectional illustration of an exemplary embodiment of 
leading and trailing edges of the interface between the expansion device of the apparatus of 
F.gs. 1a and 1b and the tubular member during the radial: expansion and plastic deformation of 
the tubular member. 

[0044}Fig; 23 is an exemplary embodiment ) of a graphical illustration of the concentration 
distribution of lubrication elements in the external surface of the expansion; device of the 
apparatus of Figs, la and 1b. 

[0045] Fig. 24 is a fragmentary cross-sectional illustration of an exemplary embodiment of the 
.nterface between the expansion device of the apparatus of Figs, 1a and 1b and the tubular 
member dunng the radial expansion and plastic deformation of the tubular member. 
[0046]Fig; 25 is an exemplary embodiment of a graphical illustration of the concentration 
distribution of lubrication elements in the external surface of the expansion device of the 
apparatus of Figs, i a and 1b. 

[0047] Fig: 26 is an exemplary embodiment of a graphical illustration of the concentration 
d.stribution of lubrication elements in the external surface of the expansion device of the 
apparatus of Figs. 1 a and 1 b. 

[0048JFig, 27 is an exemplary embodiment of a graphical illustration of the concentration 

d,Stnbuti0n 0f ,ubrication eleme " ts *»" the external surface of the expansion device of the 
apparatus of Figs: 1a and: 1b. 

[O049]Fig, 28 is an exemplary embodiment of a graphical illustration of the concentration 
drstribution of lubrication elements in the external surface of the expansion device of the 
apparatus of Figs: 1a and 1b. 

[0050] Fig. 29 is an exemplary embodiment of a graphical illustration of the concentration 
drstribution of lubrication elements in the external surface of the expansion device of the 
apparatus of Figs. 1a and 1b. 

[005l]Fig. 30 is an exempiary embodiment of the apparatus of Figs. 1a and 1b. 



[0052]Figs. 31a, 31b, 31c, and 31d are illustrations of an exemplary embodiment of the 
apparatus of Figs. 1a and 1b. 

t00533Fig S , 32a, 32b, 32c. and 32d are illustrations of an exemplary embodiment of the 
apparatus of Figs; la arid ib> 

100543 Fig. 33 is a schematic illustration of a tribological system. 

Detailed Description of the Illustrative Embodiments 
[0055] Referring to Figs, la and 1b, an exemplary embodiment of an apparatus 10 for radially 
expanding a tubular member includes an expansion device 12 including one or more expansion 
surfaces 12a that is coupled to an end of a support member 14. 

IQ056J In an exemplary embodiment, the expansion device 12 Is a conventional commercially 
ava.lable expansion device and/or is provided substantially as described in one or more of the 
follow.ng, :(l) U.S. patent application serial no, 09/454,139. attorney docket no. 25791 03 02 
filed on 12/3/1999, (2) U.S. patent application serial no. 097510,913, attorney docket no' 
25791,7,02, filed on 2/23/2000, (3) U.S. patent application serial no. 09/502,350. attorney 
docket no. 25791.8.02. filed on 2/10/2000, (4) U.S. patent application serial no. 09/440 338 
attorney docket no, 25791.9.02, filed on 11/15/1999, (5) U.S. patent application serial no' 
09/523.460, attorney docket no. 25791.11.02, filed on 3/10/2000, (6) U.S. patent application 
serial no. 09/512.895, attorney docket no. 25791.12.02. filed on 2/24/2000. (7) U S patent 
application serial no. 09/511,941, attorney docket no. 25791.16:02. filed on 2/24/2000 (8) U S 
patent application serial ho. 09/588,946, attorney docket no.. 25791. 17.02, filed on 6^/2oOO (9): 
U S: Patent application serial nb. 09/559,122, attorney docket no. 25791.23.02, fifed' on 
4/26/2000, (10) PCT patent application serial no. PCT/US00/18635, attorney docket no 
25791.25.02, filed on 7/9/2000, (11) U.S. provisional patent application serial no, 60/162 671 
attorney docket ho , 2579127. fifed on 1171/1999, (12) U,S' provisional patent ^ppiication seriaf 
no. 60/154,047. attorney docket no. 25791 ;29, filed on 9/16/1999. (13) U.S. provisional patent 
application serial no. 60/159,082, attorney docket no.. 25791. 34, filed on 10/12/1999 (14) US 
prov,s.onal patent application serial no. 60/159,039, attorney docket rib. 25791.36, filed on 
10/12/1999, (15) U.S. provisional patent application serial no. 60/159,033, attorney docket no 
25791.37, filed on 10/12/1999. (16) U.S. provisional patent application serial no 60/212 359* 
attorney docket no. 25791.38, fi,ed on 6/19/2000, (17) U.S. provisional patent application serial 
no. 60/165,228, attomey docket no. 25791.39, filed on 11/12/1999, (18) U S! provisional patent 
application serial ria 60/221,443, attomey docket no. 25791.45. filed on 7/28/2000 (19) U S 
prov^na. patent application; serial no. 60/221,645, attorney docket no. 25791.46, filed On 
7/28/2000. (20) U.S. provisiona. patent application serial no. 60/233,638, attorney docket no. 

G 



25791.47; filed on 9/18/2000. (21) U.S. provisional patent application serial no, 60/237,334, 
attorney docket no. 25791:48, filed on 10/2/2000, (22) U.S. provisional patent application serial 
no. 60/270,007,; attorney docket no. 25791.50, filed on 2/20/2001, (23) U S; provisional patent 
application serial no. 60/262,434, attorney docket no. 25791,51, filed on 1/17/2001, {24) U.S; 
provisional patent application serial no. 60/259,486. attorney docket no. 25791.52, filed on 
1/3/2001, (25) U.S., provisional patent application serial no. 60/303.740; attorney docket no. 
25791161, filed on 7/6/2001, (26) U.S. provisional patent application serial no. 60/313.453 
attorney docket no. 25791.59. filed on 8/2 P /2001, (27) U.S. provisional patent application serial 
no. 60/317,985, attorney docket no, 25791.67, filed on 9/6/2001, (28) U.S. provisional patent 
application serial no. 60/3318,386, attorney docket no. 25791.67.02, filed on 9/10/2001, (29) 
U;S: utility patent application serial no. 09/969,922, attorney docket no. 25791.69. filed on 
10/3/200$, (30) U.S. utility patent application serial no, 10/016,467, attorney docket no; 
25791 - 70 ' fi]ed 6n December 10. 2001. (31) U.S. provisional patent application serial ha 
60/343.674, attorney docket np ; 25791,68, filed on 12/27/2001; and (32) U.S. provisional patent 
application serial no. 60/346.309, attorney docket no. 25791,92, filed on 01/07/02, the 
disclosures of which are incorporated herein by reference. In several alternative ernbodiments, 
;the expansion device 12 is. or includes,. a conventional commercially a vailable^r^^ 
devi(» such, for example, ihose available from Weatherford international 
[0057]!ri an exemplary embodiment, the apparatus 10 is operated to radially expand arid 
plastically deform a tubular member 16 by displacing and/or rotating the expansion device 12 
relative to the tubular member 1 6 within a preexisting structure such as. for example, a wellbore 
18; that traverses a subterranean formation 20. In an exemplary embodiment; during the 
operation of the apparatus 10, the expansion surface 12a of the expansion device 12 engages 
at least a portion of the interior surface 16a Of the tubular member 16. 
[W58]1ri^ariexempfer/ emb^imetrt; the apparatus id is^fat^ ^ubstenfellras d^b^lri 
one Or more of the following: (!>;» patent application serial no. 09/454,139, attorney docket 
no. 25791.03.02, filed on 12/3/1999, (2) U.S. patent application serial no. 09/510,913, attorney 
docket no. 25791,7.02, filed -on 2/23/2000, (3) U.S. patent application serial no. 09/502 350 
attorney docket no. 25791.8.02, filed on 2/10/2000; (4) U.S. patent application serial no 
09/440.338, attorney docket no. 25791 9.02. filed on 11/15/1999, (5) U.S. patent application 
serial no, 09/523,460, attorney docket ho. 25791.11.02, filed on 3/10/2000, (6) U.S. patent 
application serial no. 09/512,895, attorney docket no. 25791.12.02, filed on 2/24/2000, (7) U S 
patent app^icatiMserial no. 09/51 i,941Vattomey docket no. 25791.16,02, filed on 2/24/200o! 
(8) U.S. patent application: serial no, 09/588,946; attorney docket no. 25791.17.02. filed on 
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6/7/2000, (9) U.S. patent application serial no. 09/559;i22, attorney docket no. 25791.23.02, 
filed on 4/26/2000, (10) PCT patent application serial no. PCT/US00/1 8635, attorney ddeket no. 
25791.25.02, fifed on: 7/9/2000; (11) U.S. provisional patent application serial no. 60/1 62,671 , 
attorney docket no. 25791.27, filed on 11/1/1999, (12) U.S. provisional patent application serial 
no. 60/154,047, attorney docket no, 25791,29, filed on 9/16/1999, (13) U.S. provisional patent 
application serial: no. 60/159,082, attorney docket no. 25791.34, filed on 10/12/1999, (14) U.S. 
provisional patent application serial no. 60/159,039, attorney docket no. 25791 .36, filed on 
10/12/1999, (15) U.S. provisional patent application serial no: 60/159,033, attorney docket no. 
25791.37, filed on 10/12/1999, (16), U.S. provisional patent application serial no. 60/212,359, 
attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. provisional patent application serial 
rib. 60/165.228, attorney docket no. 25791.39, filed on 11/12/1999, (18) UlS, provisional patent 
application serial no. 60/221,443, attorney docket no. 25791,45, filed on 7/28/2000, (19) U.S. 
provisional patent application serial no. 60/221,645, attorney docket no. 25791.46, filed on 
7/28/2000, (20) U.S. provisional patent application serial no. 60/233,638, attorney docket no, 
25791.47, filed on 9/18/2000, (21) U.S. provisional patent application serial no. 60/237,334, 
attorney docket no. 25791.48, filed on 10/2/2000. (22) U.S. provisional patent application serial 
no. 60/270,007, attorney docket no. 25791.50, filed on 2/20/2001, (23) US. provisional patent 
application serial no. 60/262,434, attorney docket no. 25791.51, filed on 1/17/2001, (24) U S, 
provisional patent application serial no. 60/259,486, attorney docket no. 25791.52, filed on 
1/3/2001, (25) U.S. provisional patent application serial no. 60/303,740, attorney docket rib; 
25791 m, filed on 7/6/2001, (26) U.S. provisional patent application serial no. 60/313,453, 
attorney docket no; 25791159, filed on 8/20/2001 , (27) U:S. provisional patent applicatiori serial 
no - 60/317,985, attorney docket no 25791.67, filed on 9/6/2001, (28) U.S. provisibnal patent 
application serial no. 60/3318.386, attorney docket no, 25791.67.02, filed on 9/10/2001, (29) 
U;S. utility patent application serial no. 09/969,922, attorney docket no. 25791.69, filed on 
10/3/2001, (30) U.S. utility patent application serial no. 10/016.467, attorney docket no. 
25791,70, filed on December 10, 2001, (31) U.S. provisional patent application serial no. 
60/343,674, attorney docket no. 25791.68, filed on 12/27/2001; and (32) U.S. provisional patent 
application serial no, 60/346,309, attorney docket no. 25791.92, filed on 01/07/02, the 
disclosures of which are incorporated herein by reference. In several alternative erribodiments, 
the expansion device 12 is operated like, or includes operational features of, a conventional 
commercially available rotary expansion device such, for example, those available from 
Weatherford International. 
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I0059J In an exemplary embodiment, as illustrated in Fig. 2. the apparatus 10 further includes a 
lubncant supply 20, and during the operation of the apparatus 10, the lubricant supply injects a 
lubricating materia. 22 into an annulus 24 defined between one or more the expansion surfaces 
12a of the expansion device 12 and the interna, surface 16a of the tubular member 16. In this 
manner, the.amouhtof energy and/or power required to radia.ly expand and plastically deform 
the tubular member 16 using the expansion device 12 is reduced. In an exemplary 
embod.ment, the lubricating material 22 ind 

10060310 an 6Xemp,ary e ^odiment, as illustrated in Fig. 3, the expansion device 12 of the 
apparatus; 1Q further includes an: interna, lubricant supply 30, and during the operation of the 
apparatus 10, the lubricant supply injects a lubricating material 32 into the annulus 24 In this 
manner, the amount of energy and/or power required to radially expand and plastically deform 
he tubular member 16 using the expansion device 12 is reduced. In an exemplary embodiment 
the lubricating material 32 includes fluidic and/or solid lubricating materials. In an exemplary" 
embodiment; the lubricant supply injects the lubricating material 32 into one or more recesses 
defined in the expansion surface 12a ofthe expansion device 12. 

[0061]|^an exemplary embodiment, as illustrated in Fig. 4, a layer ofa lubricating film 40 is 
coupled to at least a portion of one or more of the expansion surfaces 12a of the expansion 
device 12 ofthe apparatus 10 such that, during^^ 

of the lubricating film 40 is reieased into the annulus 24- In this manner, the amount of energy 
and/or power required to radially expand and plastically deform the tubular member 16 using the 
expansion device 12 is: reduced. In an exemplary embodiment, the lubricating film 40 includes 
fluidic and/or solid lubricating materials. In an exemplary embodiment, the thickness and/or 
rampositibn^f thefilm 4pareripn-uriiform. 

I00621ln an exemplary embodiment, as illustrated in Fig. 5, layers 50a and 50b of a .ubricating 
film are coupled to portions of one or more of the expansion surfaces 12a of the expansion 
dev^of the apparatus 10 such that, during the operation of the apparatus, at least a portion 
^me layer** lubn^film, 5 0a and 50b, are released ^ We annulus ^ .nihis manner 
^ amount of energy: and/or power required to radially expand and plastically deform the 
ubu ar member 16 using the expansion device 12 is reduced. In an exemp.ary embodiment 
the layers, 50a and 50b, of lubricating film are deposited within recesses, 52a and 52b' 
^pe^ defined wtthin the expansion surface 12a. In an exemplary embodiment, the 
.ubn^,ngfi,m r: 5^ 

embod,ment. the thickness and/or composition ofthe films, 50a and/or 50b, are non-uniform 
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[0063] In an exemplary embodiment, as illustrated in Figs. 6 and 7, one or more portions of the 
expansion surfaces 12a of the apparatus 10 define recesses 6pa. 60b„ 60c, and 60d, that may, 
for example, contain the lubricant material 22, the lubricant material 32, the lubricant film 40\ 
and/or the lubricant film 50. such that, during the operation of the apparatus, at least a portion of 
the lubricant materials and/or the lubricant films are released Into the anriulus 24. In this 
manner, the amount of energy and/or power required to ra^ d e form 
the tubular member 16 using the expansion device 12 is reduced. In an exemplary 
embodiment, the recesses, 60a. 60b, 60c, and 60d, .are .substantially identical and equally 
spaced cylindrical cavities defined within the expansion surface 12a of the expansion device. In 
several alternative embodiments, one or more of the recesses 60 may be different in geometry 
from one or more of the other recesses 60. In several alternative embodiments, the spacing 
betweenthe recesses 60 may be unequal. 

[0064] in an exemplary embodirrient,as illustrated in Figs. 8 and-9, one or more portions of the 
expansion surfaces 12a of the apparatus 10 define recesses 80a, 80b. 80c, and 80d, that may, 
for example, contain the lubricant material 22, the lubricant material 32. the lubricant film 40.' 
arid/or the lubricant film 50. such that, during the operation of the apparatus, at least a portion of 
the lubricant materials and/or the lubricant films are released into the annulus 24. In this 
manner, the amount of energy and/or power required to radially expand and plastically deform 
the tubular member 16 using the expansion device 12 is reduced: in an exemplary 
embodiment, the recesses, 80a. 80b. 80c, and 80d. are cylindrical cavities of varying depths 
defined within the expansion surface 12a of the expansion device. In an exemplary 
embodiment, the placement of the recesses 80 is such that the pair of recesses, 80a and 80b, 
are offset from the other pair of recesses, 30c and 80d. In several alternative embodiments! 
oneor more of the recesses 80 may be different in geometry from one or more of the othef 
recessesSO. In several alternative embodiments, the spacing betweenthe recesses 80 may be 
unequal. 

[0065] In an exemplary embodiment, as illuslrated in Figs. 10 and 11, one or more portions of 
the expansion surfaces 12a ofjtbe apparatus 10/ define crisscrossing recesses :100a. 100b. 
100c; and lOOd, that may. for example, contain the lubricant material 22. the lubricant material 
32, the lubricant film 40, and/or the lubricant film 50, such that, during the Operation of the 
apparatus, at least a portion of the lubricant materials and/or the lubricant films are released into 
,me anriulus 24. In this manner, the amount of energy and/or power required to radially expand 
and plastically deform the tubular member 16 using the expansion device 12 is reduced; In an 
exemplary embodiment, the recesses, 100a:and 100b, are substantially parallel to brie another, 

10 



and the recesses, 100c and 100d, are substantially parallel to one another, and the recesses, 
100a and 100b, are both substantially orthogonal to the recesses, 100c and 100d. | n several 
alternative embodiments, one or more of the recesses 100 may be different in geometry and 
creation from One or more of the other recesses 100. In several alternative embodiments, the 
spaqng between the recesses 100 may be unequal. 

[0066] In an exemplary embodiment, as illustrated in Fig. 12, one or more portions of the 
expansion surfaces 12a of the apparatus 10 define recesses 120a, 120b, 120c, 120d, 120e and 
120f, that may. for example, contain the lubricant material 22, the lubricant material 32 the 
lubricant film 40, and/or the lubricant film 50, such that^^ 

least a portion of the lubricant materials and/or the lubricant films are released into the annulus 
24. In this manner, the amount of energy and/or power required to radially expand and 
plastically deform the tubular member 16 using the expansion device 12 is reduced. In an 
exemplary embodiment, the recesses 120 are substantially identical cylindrical recesses that 
are defined within, and randomly distributed on, the expansion surface 12a of the expansion 
device 12, In several alternative embodiments, one or more of the recesses 120 may be 
different in geometry and orientation from one or more of the other recesses 120. 
[0067] In an exemplary embodiment, as illustrated in Fig. 13, one or more portions of the 
expansion surfaces 12a of the apparatus 10 define recesses 1 30a, 130b. 130c, 130d. 130e and 
130f; that may. for example, contain the lubricant material 22, the lubricant material 32 the 
lubricant film 40. and/or the lubricant film 50. such that, during the operation of the apparatus at 
least a portion of the lubricant materials and/or the lubricant films are released into the annulus 
24. In this manner, the amount of energy and/or power required to radially expand and 
plastically deform the tubular member 16 using the expansion device 12 is reduced. In an 
exemplary embodiment, the recesses 130 are cylindrical recesses that are defined within and 
randomly distributed on, the expansion surface 12a of the- expansion device 12 In an 
exemplary embodiment, the volumetric geometry of the recesses 130 are randomly selected 
[0068] ln an exemplary embodiment, as illustrated in Figs. 14 and 15, one or more pbrtidns of 
the expansion surfaces 12a of the apparatus 10 define one or more recesses 140. that may for 
example, contain'the lubricant material 22. the lubricant material 32, the lubricant film 40, and/or 
the lubricant film 50. such that, during the operation of the apparatus, at least a portion of the 
lubncarit materials and/or the Jubricant films are released into the a^ In this mariner 

the amount of energy and/or power required to radially expand arid plastically deform the 
tubular member 16 using theexpansiori device 12 is reduced. In an exemplary embodiment 
the boundaries of the recess 140 include one or more linear and/or non-linear boundaries and 
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U» «h of the recess is random in all directions. ,r, severe, aKentabve embodiments, one or 
!° re ™ "0 may be ditteren, in geomefry and onentation from one or mona of the 
2~ 140. ,„ severalahen.tiveembodiments, the spacing became racesses 1 



.he ' ^^^o" 1 ^"'. as Berated in Fi 0 s. 16 and 17. one or more portions of 

2ZT **** ami0 '™» ■«*»** ™- 16 °* i«>d 

»at may, for exampie. oontain to lubrfcah, materiel 22. the lubrioant materiai 32, the iubricam 
ponron of *e iubncan, ma<enals : and/or the lubncan, fiims are reused Into ma annuius 24 in 

em^mt r "avioe 12 is reduced. ,„ an exempt 

embodiment, the recesses. 160a, ,606, 160c , and 160d, are substanMally iden«cai and eouaZ 
^n**-*. h^g oom^ cu„ed «,„s denned ^i„L e^stsloe 
2a of the expansion device, ineevera, alternate embodiments, oneormoro ofthenscesses 

bate. n.se Veral ^ ¥mmBm _ ^ mmmjMmmmm m temere ^. 

geometry from one o, mote of the other recesses 160. in severe, aUemetive embodimenrs ^ 
spacing between the recesses 160 may be unequal. 

[0070],n an exempt embodiment, as iterated R Figs. , 8 and 19 . TO or ^ ^ of 
*7~ ,2 » l »' apparatus 10 deflne a recess 160. the, may, for example 

~« mm 22. the iubrfcan, matnda, 32. the lubncao, f „m "o. aZTo' 
MM »» ^ that. dudng me operation of the apparatus, a. leas. .. po*on of ,e 
Recant matenals and/or the tubncac^e are released into me annulus 24. tn^Ns manner 

1«~ ™ ,o radia* expand end *** JZI 

.ri::?; 6 ;„ sin , 9 : h : ~ n oevte 12 is ~ *> 

to* recess 180 ,s an etched surface having a nonuniform pattern: of pits 100a ,„ severai 
alternate embodiments, toe depth of the pns 180a is non-unfam 

I«.71,,„ an exemptay embodiment, as iilusfrated in Flgs. 20aad 21. ce or mora portions of 
me.xpans.on surfaces 12a of the apparatus ,o define a recess ,90. mat ma, to, ™ 
«e ^can, meter,, 22. thelubrfcanl mated, 32, the ,ubdcant fa l 
lubncant f„m 50, such that, during the operation of the apparatus a, leas, a oorfionn T 
^ are released 

to amount of energy and/or power regOfred to radia,, expand a* p*srica»y dZ Th^ 



* «■ 



tubular member 16 using the expansion device 12 is reduced. In an exemplary embodiment 
the recess 190 is a knurled surface having a uniform pattern of pits 190a. In several alternative 
embodiments, the pattern of the pits 1^ 

[0072] In an exemplary embodiment, as illustrated in Fig. 22, during the operation of the 
apparatus 10, the interface between the expansion surface 12a of the expansion device 12 and 
the interior surface 16a of the tubular member 16 includes a leading edge portion 220 and a 
trailing edge portion 222. In an exemplary embodiment, as illustrated in Fig. 23, the 
concentration of lubrication is increased in the leading and trailing edge portions, 220 and' 222 
respectively, in order to reduce the amount of energy arid/or power required to radially expand 
and plasticaliy deform the tubular member 16 using the expansion device 12. 
100731 ,n Several exemplary embodiments, the concentration of lubrication wrthin a specific 
port,ons of the expansion surface 12a of the expansion device 12 is increased by Increasing 
one or more of the following: 1) the flow of the materials 22 and/or 32 into the annulus 

24 SUrroundin9 specific Priori; 2) the volume of the films 40 and/or 50 applied to the 
specific portion; 3) the density of me recesses 60. 80, 100,120. 130; 140, 160, 180, and/or 200 
within the specific portion 

[0074] In ah exemplary embodiment, as illustrated in Fig. 24, during the operation of the 
apparatus 10, recesses, 240a and 240b, defined within: the expansion surface 12a of the. 
expansion device 12, provide a support for, and define lubrication ball bearings, 242a and 242b 
for lubricating the interface between the expansion surface of the expansion device and the 
internal surface 16a of the tubular member. In this manner, the lubricating materials derived 
from one or more of the following: the lubri^^^^ 

SO ere formed ihtp a ball-like fluidic lubricating structure that act like lubricating ball bearings 
thereby reducing the amount of energy and/or power required to radially expand and plastically 
deform the tubular member 16 using the expansion device 12. 

[0075] ln an exemplary enibbdimenf, during the operation of the apparatus 10, the rate of strain 
of the tubular member 16 varies as a function of the geometry of the expansion surface 12a of 
the expansion device. Thus, for example, certain portions of the tubular member 16 that 
interface with the expansion surface 12a of the expansion device 12 may experience rates of 
strain that are different from other portions of the tubular member that interface with the 
expansion surface of the expansion device, In an exemplary embodiment, during the operation 
of the apparatus 10, the concentration of lubri^^ 

rates of strain as compared with those areas having lesser rates of strain in order to reduce the 
amount of energy and/or power required to radially expand and plastically deform the tubular 
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mewber lS using the expansion device 12, In an exemplary embodiment, as illustrated in Fig 
25. the relationship between the concentration of lubrication and the fate of strain is a linear 
relationship: In an alternative embodiment, as Illustrated in Fig. 26, the relationship between the 
concentration of lubrication and the rate of strain is a non-linear relationship having a 
decreasing slope with increasing rate of strain. In an alternative embodiment, as illustrated in 
Bg, 27, the relationship between the concentration of lubrication and the rate of strain is a nom 
Lnear relationship having an decreasing slope with increasing rate of strain. In an alternative 
embodiment; as illustrated in Fig. 28, the relationship between the concentration of lubrication 
and the rate of strain includes one or more step functions. In an artemative embodiment as 
,,IUStrated in % 29 ' toe relationship between the: concentration of lubrication and the rate of 
strain includes orte or more of the characteristics of Figs. 25-28. 

[0076] ln several exemplary embodiments, the concentration of lubrication within a specific 
:Port.ons of the; expansion surface 12a of the expansion device 12 is increased by increasing 
one or more of the following: 1) the flow of the lubricant materials 22 and/or 32 into the annulus 
24 surrounding the specific portion; 2) the volume of the films 40 and/or 50 applied to the 
specific portion; 3) the density of the recesses 60, 80, 100, 120, 130, 140, 160, 180, and/or 200 
wrth.n the specific portion; and/or 4) the normalized oil volume within the spe^ portion 
mrnmm generally, in several exemplary embodiments, the concentration of lubrication 
w,thin a spedfic portions pf the expansion surface 12a of the expansion device 12 is controlled 
by adjusting one or more of the following: i,the flow of the lubricant materials 22 arid/or 32 into 
the annulus 24 surrounding the specie portion; 2) the volume of the films 40 and/or 50 applied 
tQ the specific portion; 43) the density of the recesses 60, 80, iOQ] 120, 130. 140 160 180 
and/or ; 200 within the specific portion; and/or 4> the normalized oil volume within the specific 
portion; - 

[0078jjri several exemplary embodiments, during at least a portion of the operation of the 
apparatus 10. at least portions of the annulus 24 between the expansion surface 12a of the 
expansion device 12 and the interna, surface 16a of the tubular member 16 may be reduced in 
Ih.ckness to zero thereby permitting the at least a portion of the, expansion surface of the 
expansion device to contact at least a portion df the interior surface of the tubular member 
[0079Jln severarexempfary embodiments, the lubricating films 40 and/or 50 include a physical 
vapor deposition; Chromium Nitride coating: commercially available from Phygen, Inc in 
Mmneapolis, Minnesota. In several exemplary embodiments, the lubricating films 40 and/or 50 
are coupled to an expansion surface, 12a fabricated from DC53 steel, new cold die steel 
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ayefeble tan Daido Steel Co. in Japan and/br .ntemadonal Steel Co In 
Florence. Kentucky. * 

100801 embodiments, the surface texture of at least a portion of one or 
more ofthe expansion surfaces 12a and/or one or mora of tha recesses 60.80. 100 120 140 
160. 180. 200 andfor 240 is provided by pushing a surface roughness Into tha expansion 
surfaces and/or recesses using commercially available methods and apparatus available „om 
KhM Chemicals, jnBrenham, Texas. 

[0081„n several exemplary embodiments, the lubrican. matenals 22 and/or 32 include various 

endtt as luohoan, materia,* # 2633-179 - 1.2. 3. 4.5. and 6 from Houghton international. 
Vatey toga Pebnsylvan*. In several exemplary embodiments, the lubricant matenals 22 
and/or 32 include Radlagreen erne sa|t 

[0082] Referring to Fig. 30. in an exemplary embodiment, at least a porhon of one or more of 
to^isioneurfaces 12a of We expansion de«co 12 is textured and a lubricating film 300 Is 

emend r r aP0rt '° n0 " h8 *** Furfhermona. in an exemplary 

P" *e to surface 16a o, me tubular member ,6 includes a 
u ncabng *n 302. and an annulus 304 denned between the expanston device 12 and the 
tubular member 16 includes a lubdcan, materia, 306. In an exemplary embedment the 

e^mpiary embodiment the use of a textemd expand surface 12a. the lubdcatlng n,m 300 
the lubncawtg mm and the iubdcan, «tm 306 during the operation of the apparatus 10 
proved a fdc*>n coefficient less than abou. 0.02. In an exempt embodiment, the textured 
expa s,„„ surface ,2a is provided using one or mom of the recesses 60. 80. 100. ,20 140 
160. 1 0. 200 and/or 240 deacnbad above an^or by lexturtng the expansion surface 12 I an 
exemplary embodiment, the expansion surface 12a is fabricated from a DC53 tool* steel 
commercial* arable from Daido Stee, in Japan, the texludng of the expansion surface ,2a is 

s7 «** ******* avaitebte Z 

services of ^ Chemicals in «ra„ham. Texas, me lubrtcabng ,i te 300 include a hard 2 

ZZ NWe coabng. co^merc^ available from 

(X sed: «r eaP ' ^ ^'"^ *' 302 a Po W efra„uo,oethytene 

I nh^ i coating, commercially available as a Brighton 9075 coaung fron, Brighten 

Labo^ones. in Howe,,, Michfcan, and the lubricant materia, 305 includes a commdL* 
arable lubricant fron, Houghton International. .1, Vattey Forge. Pennsylvania ^ 
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[0083] ln an exemplary embodiment, the surface texture of the expansion surface 12aand/or 
one or more of the recesses 60, 80, 100, 120, 140, 160. 180, 200 and/or 240 is characterized by 

° n6 ° r ™ ******** P ^ ameterS: RP. Rv. Rt. Rpm, Rvm, R z , % R k R^, 

Mrt ' M * Rpk/Rk ' ^Rk. R P ./Rv, X Slope Rq, Y Slope R,, NVOL, and/or SAL In an exemplary 
embodiment, the measurement « these parameters is provided using the commercially 
available services of Michigan Metrology LLC in Uvoriia. Michigan. 

[0084]R a refers to the arithmetic average of the absolute values of the surface height 
dev.ations measuredirpm the ■^■^^c^^rsjSI^. Ra is described by: 

R = 



my. 

where Z(x,y) = the vertical position of a position on the surface at coordinates x and y 

t^P85]Rq refers to the RMS (Standard Deviation) or "first moment" of the height distribution as 
described by: . ' 

[0086] refers to the skew or 'second moment of the: height distribution., as described by: 



[0087] R^ fefers tolhe "kurtosis"orthe "third moment" of the height distribution, described % 

........ -Vrf 

IP0«8JRk. Rx. and R, are parameters evaluated from the absolute highest and: lowest points 
found on the surface. Rp is the height of the highest point, R v is the depth of the lowest point 
and Rt is found from Rp - Rv. The R pm , R^ and % parameters , are evaluated from an 
average of the heights and depths of the extreme peaks and valleys. Rpm is found by averaging 
the heights of the ten (10) highest peaks found over the complete 3D image. R vm is found by 
averaging the depths of the ten (10) lowest valleys found over the complete 3D image R is 
then found by (Rp^R^,). « ■ z 

[0089]The parameters Rpk, Rk, Rvk, Mr1, and Mr2 are all derived from the bearing ratio curve 
*ased on the DIN 4776 standard, the disclosure of which is incorporated herein by reference 
pe ; bearing area curve is a measure of the relative cross-sectional area a plane passing' 
through the measured surface, from the highest peak to the lowest valley, would encounter FU 
-s a measure of the peak height above the nominate roughness. R k is a measured 
^e^minalorW^ 

depth below the nominal /core roughness: M rt . the peak material ratio, indicates the percentage 



ofma!e, al Mco m p,,se fte peaKs te u,es assocWe w,m R„. M „ fea measure *, .he valley 

7 te ( ni " rato ' (, ~» WOW* ,he percen,a g e of matona, .ha, compare ,he va 
slructures associated withR... By 

S^T* *** ******* bea *9 rate parameters may be helpful 

IT TT^ ^ ^ 01 8 W ^ te*uro. ,„ ^ ,Lces Z 

such as fVR.. For example, a surface wift h lg h peaks as opposed to a surface with 
deep valleys may have the same R. but with vastly ditteren, R./R, values 

StopeR,, Y Slope R,: The patera X Slope R, and Y Slope R, are found by 
Mr .MM Dev,a,ton (i.e. RMS or R,,) o, ^siopeso, the surface!^, He Xa^ 
Y^e respect T he,,ope te .ound by ,a««he dedvative of the audL ^ 

Where the brackets, < >, represent the average value of al! slopes in ^ * 

the relevant direction 

Wmmm The Normatoed Volume (NVOL, of tho surface is found by calculating the 
volume canter by the surface and a -plane- .ha. i, pbcednear.be top of L suJe T *e 

£h ^ are no, used as P reference point for.be plane, Once the vofume I 

fT' 6 * T ■* ^ !h0re5U,,fe ^ed-tome cnosssecbona, J7Z 
plane (,.e. unite Cm'). Other unite. of tiWOL are bch whM i. , me 

Microns per Inch Squared". " " aCr ° n)m ' 0r »■»«• * 

~ C s!2 Ce *" "T 0 ^ ~ * "» " *«» 

measured, surface as compared to that of a perfecdy flat/smooth surface. The celcuMon 

TTT^ ******** asured polnte ahd add^ dp me ,^2" 

patches. A ratto is thon tormad of the total surfaoe area measured^ be^mW ^ 

SAn~T is r ySiS ' 53 ~'oa-p tet e fr ac,aiana I ysteo,»esur,arZ 
*>/V is a ratio, it is a urn Wess quantity. 

Win. «~=— .'one or more of.be parameters fc* ^ ^ 

M ^* w ' M '"^ R » /H " *Wfc Slope R,, Y Slope R,, NVOL and/o 

SA, doscnbcd above are :de«d as descrtbed at me we« 
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http://www.mic.hm* mm, the disclosure of which is incorporated herein by reference 
[0095] .n an exemplary implementation, an apparatus 10 having ah expansion device 12 
,ndUd,n9 3n eXpansi ° n surface 123 Seated from conventional D2 steel was operated to 
expand a pluraHty of tubular members 1 6 fabricated from low carbon steei using a water base 

" Ud ^ h dia aS a5UbriCatlng mat6riat - '** ** is top view pf a portion of the expansion surface 
12a of the expansion device 12 pf the apparatus after repeated radial expansions and plastic 
:deformat,6h^ ** using the apparatus 10, Fig. 31b is a magnified 

perspective view of the portion of the expansion surface 12a of the Expansion device 12 of the 
apparatus Seated radia, Expansions and p!a^ 

VS.ng the apparatus 10. Fig. 31c is a graphical illustration of the surface profile of a sliced 
port.on of the portion of the expansion surface 12a cf the expansion device i2 of the apparatus 
after repeated radial expansions and plastic deformations of the tubular members 16 using the 
apparatus 10 Fig. 31d is a graphical and tabu.ar i.iustration of the bearing ratio, R,, £ Rpk , 

^^ f' ^ V PC (V Sk>Pe ^ NVGL for the ^-^Hhe expansion 
surface^ ofthe expansion device 12 of the apparatus after repeated radial expansions and 
plastic deformations of the tubular members 16 using the apparatus 10. As illustrated in Fig 
31d, the exemplary implementation had the following characteristics: 



Parameter 



Value 



277.930 nm 



3.13 nm 



Rpk 



377.167 nm 



829.31 nm 



Rirk 



216.287 nm 



3.88/mm 



Y Slope Rq 
NVOL 



6.13/mm 
0.822 BCM 



in.neexompla.-y ifflpiementatlon of .he em bo d,ment of Figs. 31a, 31b. 31c, and 31d meforcL 
requ,red ,o overcome fnecon during the operaton of .he apparatus 10 were abou. 45% of al, .he 
evasion forces req ,,i,ed ,o radiaiiy ex,»nd and pfasficaify deform me .ubuia, member 16 and 

device 12 and .hemtenor surface 16a of .he tubular member was aboul 0 125 
MM** exempt imptementatlon. an apparatus. 10 having an expansion device ,2 
mcudtng an expansion surface ,2a fabdeated ,,om OC53 too, steei. availebte fmm Daido Stee, 
■n Japan, was operated ,o expand a p, urallty „, , utMla , 16 fabncatea ^ ^ 
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steel. The expansion surface 12a was surface polished using the services of REM Chemicals jn 
Brenham, Texas and a lubricating film including; a Chromium Nitride coating, available, from 
Phygen, Inc. in Minneapolis, Minnesota, was coupled to the expansion surface. Fig. 32a is top 
vfewofapptaome expansion su 

repeated radial expansions and plastic deformations of the tubular members 16 using; the 
apparatus 10. Fig. 32b is a magnified perspective view of the portion of the expansion surface 
12a of the expansion device 12 of the apparatus after repeated radial expansions and plastic 
deformations of; the! tubular members 16 using the apparatus 10. Fig. 32c is a graphical 
.(lustration of the surface profile of asliced portion of the portion of the expansion surface 12a of 
the. expansion device 12 of the apparatus after repeated radial! expansions and plastic 
deformations of the tubular members 16 using the apparatus 10: Fig. 32d is a graphical and 
tabular illustration of the bearing ratio, % R, k , Rk, R Sk , Sty X Pc (X Slope Rqj.Siy YPc (Y 
Slope *4 and NVOL for the portion of the expansion surface 12a of the expansion device 12 of 
the apparatus after repeated radial expansions, and plastic deformations of the tubular member* 
le using the apparatus 10. As illustrated in, Fig. 32d, the exemplary implementation had the 
following characteristics: 



Parameter 



R a 



60.205 nm 



1.99 nm 



Rpk 



25.009 nm 



Rk 



152.12nm 



92.963 nm 



Slope R, 



2;21/mm 



Y Slope R, 



3.53/mm 



0.047 BCM 



■n ine exemplary imp.ementat.on of the embodiment of Figs. 32a, 32b, 32c, and 32d, the forces 
requ,ed to overcome friction during the operation of the apparatus 10 were between about 30% 
to 8%,of all the expansion forces required to radially expand and plastically deform the tubular 
member 16 and the coefficient of friction for the interface between the expansion surfaces 12a 
of the expansion device 12 and the interior surface 16a of the tubular member was about 0 06 
Furthermore, in the exemplary embodiment of Figs. 32a, 32b, 32c. and 32d, the bearing ratio of 
the expansion surface 12a of the expansion device 12 was greater than 75% on 60% of the R - 
surface roughness. * 

[0097]A comparison of the exemplary implementation illustrated in Figs. 31a, 31b, 31c. and 
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31d and the exemplary implementation illustrated in Figs. 32a, 32b, 32c, and 32d indicated that 
&em*&mmmwbm1«fat9 for an expansion surface 12a of the expansion device 
12 during the radial expansion and plastic deformation of the tubular member 16 was a surface 
texture having a plateau^ike surface vwth relatively de recesses as provided in the exemplary 
implementation of Figs. 32a, 32b, 32c, and 32d. This was an unexpected result. 
[0098] Furthermore, a comparison of the exemplary implementation illustrated in Figs. 31a, 
31b, 31c, and 31d and the exemplary implementation illustrated in Figs. 32a, 32b. 32c, and 32d 
also indicated that the expansion surface of the exemplary implementation illustrated in Figs. 
32a ? 32b, 32c. and 32d provided not only a smoother surface, as measured by Rg and/or R z . but 
also provided much higher load capacity, as measured by the bearing ratio. Furthermore, the 
bearing ratio for the exemplary implementation illustrated in Figs. 32a, 32b, 32c, and 32d' had 
much less variation in value that the bearing ratio for the exemplar implementation illustrated in 
Figs 31a, 31b, 31c. and 3ld. Thus, in a preferred embodiment, the bearing ratio varies Jess 
than about 15% across the expansion surface 12a. In addition, the exemplary implementation 
illustrated in Figs. 32a, 32b, 32c, and 32d provided a bearing ratio about double that of the 
exemplary implementation illustrated in Figs. 

of 60% a, the percentage of the material supporting a load on the exemplary implementation 
illustrated in Figs. 32a, 32b, 32c, and 32d was about 80% in comparison to about 37% for the 
exemplary implementation illustrated in Figs. 31a, 31b, 31c, arid 31d. 

[00993 In an exemplary embodiment, the preferred surface texture of the exemplary 
implementation of Figs, 32a, 32b, 32c. and 32d. a plateau-like surface with relatively deep 
recesses, is provided by laser dimpling the expansion surface 12a. 

[00100] In an exemplary embodiment, as illustrated in Fig. 33, the apparatus 10 provides 
3 ^'ogical system 330 including the expansion device 12, the tubular member 16, andonebr 
more lubricating elements 332 such as, for example, those elements described above for 
reducing friction between the expansion surfaces 12a of the expansion device and the tubular 
member during the operation of the apparatus 10. In ah exemplary embodiment, the system 
330 is designed and operated to minimize the friction between- the expansion device 12 and the 
tubular member 16. 

[00101] Although illustrative embodiments of the invention have been shown arid 
described, a wide range of modification, changes and substitution is contemplated in the 
foregoing disclosure, Accordingly, it is appropriate that the appended claims be construed 
broadly. 
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CLAIMS 

% An expansion cone for radially expanding rpultiple tubular members comprising: 
a body having an annular outer peripheral surface; and 

at least a Portion of the surface being textured with friction reducing reliefs 
recessed into the surface, 

wherein the surface comprises a laser dimpled surface. 

2. the expansion cone as defined in claim 1, wherein the multiple tubular members 
comprise multiple pipeline members. 

3 - The expansion cone as defined in claim 1, wherein the friction reducing reliefs are 
concentrated at a leading edge and a trailing edge of the outer peripheral surface. 

4. A method for radially expanding a tubular member comprising: 
providing a tubular member haying an inside diameter: 

providing an expansion cone having an annular outer peripheral surface 
comprising a diameter greater than the inside diameter of the tubular member; 

texturing the outer peripheral surface with friction reducing reliefs recessed into 
the surface; and 

moving the expansion cone axially through the tubular member for radially 
expanding and plastically deforming the tubular member, 

wherein the surface comprises a laser dimpled surface. 

ii The method as defined in claim 4, wherein the tubular member comprises a pipeline 
member. 

The method as defined in claim 4, wherein the friction reducing reliefs are concentrated 
at a leading edge and a trailing edge of the outer peripheral surface; 

A reduced friction radial expansion apparatus comprising: 

a plurality of tubular members having an axial passage formed therethrough 
comprising ah inside diameter^ 

an expansion cone having an annular outer peripheral surface comprising an 
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outside diameter greater than the inside diameter o the axial passage; and 

at least a portion of the outer peripiheral sytfaqe being textured with friction 

reducing reliefs recessed into; the surface, 

where in the surfaice comprises a laser dimpled surface. 

The apparatus as defined in claim 7 wherein a low friction material is deposited in the 
reliefs. 

The iapparatus as defined in cl?im 7 wherein the outer peripheral surface comprises a 
flush su and 
portions of a low frictio material deposited in the reliefs. 

The apparatus as defined wherein the plurality of tubu 

a plurality of pipeline members. 

The apparatus as defined in claim 7, wherein the friction reducing reliefs are 
concentrated at a leading edge and a trailing edge of the outer peripheral surface. 
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